Saccadic intrusions and oscillations may be defined as inappropriate saccades that take the eyes off their target Saccadic intrusions are sporadic and comprise an initial saccade that displaces the eyes from their fixation or resting point followed by a second, refixating or returning eye movement. The second eye movement may be a saccade or a slow eye movement. The second saccade may occur with or without an interval between it and the first saccade. Saccadic oscillations comprise either a salvo of saccades oecuring in multiple directions or in opposite directions, with or without a short interval between saccades, or a rhythmical sequence of saccades and slow phases. The latter oscillation may mimic nystagmus but the eye movements that take the eyes off-target are saccades rather than slow phases.
TMs syllabus will review the following types of saccadic intrusions and oscillations :
Square wave jerks Macro square wave jerks Macrosaccadic oscillations Ocular flutter Voluntary flutter Opsoclonus Other saccadic intrusions and oscillations include saccadic pulses, double saccadic pulses, ocular bobbing, and convergence-retraction pulses. These will not be reviewed here (see Zee, 1991, Dell'Osso et al, 1990 and Sharpe and Fletcher, 1984) SQUARE WAVE JERKS Square wave jerks (SWJs) are sporadic saccadic couplets consisting of small horizontal saccades (about 0.5 to 5 deg) followed after about 200 msec by refixating saccades (Sharpe and Fletcher, 1984; Dell'Osso et al, 1990 ; Leigh and Zee, 1991) . SWJs may occur in normal subjects. The size and frequency of "normal" SWJs depend on the size of the target and the subecfs age (Herishanu and Shaipe, 1981; Shallo-Hoffmann et al, 1989; Ohtsuka et al, 1986; Shallo-Hoffinann et al, 1990) . In young or middle-aged subjects who are fixating an isolated 20/15 optotype, the frequency of SWJs should be less than ten per minute and their amplitude should be less than 2 deg (Herishanu and Sharpe, 1981) . In the elderly population, a minority of otherwise normal subjects may have much more frequent SWJs but the amplitude should remain below 2 deg.
A variety of neurologic disorders may cause pathological SWJs. They are seen commonly in neurodegenerative conditions, including Friedreich's ataxia (Spieker et al, 1995b , 1979) and in the carrier state for blue-cone monochromism (Gottlob, 1994) . SWJs also have been induced by catecholamine depletion ( (Sharpe and Fletcher, 1984) but in another report of a monkey with an encapsulated nematode in the right cerebellum (lobulus simplex) MSWJs were directed to the ^ same side (Weber et al, 1989) . MSWJs have been observed in Huntington's chorea (Bollen et al, 1986 ) and in one patient with an idiopathic encephalopathy in whom the oscillation stopped when one eye was covered ("inverselatent" MSWJs) (Dell'Osso et aL 1977). Patients with MSWJs also may exhibit macrosaccadic oscillations (see below) (Sharpe and Fletcher, 1984; de Sa et al, 1992) . These may be difficult to distinguish from MSWJs without eye movement recordings (Baloh et al, 1982).
MACROSACCADIC OSCILLATIONS S Macrosaccadic oscillations (MSOs), like MSWJs, comprise bursts of large to-and-fro saccades (up to 60 deg in amplitude). Unlike MSWJs, the excursions straddle the fixation point and their amplitudes increase and then decrease in a spindle-shaped pattern. They are often triggered by fixation or saccades and disappear in darkness. The interval between excursions is typically about 200 msec, which is the same as normal saccadic latency to a visual target (Selhorst et al, 1976) . MSOs have been regarded as an extreme form of saccadic dysmetria, in which the eyes repetitively overshoot the target (Dell'Osso et al, 1990), The commonest cause of this uncommon oscillation is acute or chronic cerebellar disease (Selhorst et al, 1976; Fukazawa et al, 1986; Yamamoto et al, 1988; Hotson, 1982) . After acute cerebellar lesions, MSOs may gradually resolve over a few weeks (Selhorst et al, 1976 ). MSOs also have been reported in metabolic encephalopathy (Sharpe and Fletcher, 1984) and as a delayed manifestation of pontine trauma (Averbuch-Heller et al, 1996). In a patient with OPCA, treatment with benzodiazepenes or a barbiturate caused MSOs and MSWJs to abate (Fukazawa et al, 1986).
OCULAR FLUTTER
Ocular flutter consists of a salvo of opposing horizontal saccades without an intersaccadic interval. Typically, flutter occurs in bursts with frequencies in the range of 12 to 15 Hz (Leigh and Zee. 1991) and amplitudes of about 1 to 5 deg (Ashe et al, 1991) . Flutter may occur in isolation or it may appear during the waxing or waning stages of opsoclonus. Saccades may trigger a brief run of ocular flutter, simulating saccadic dysmetria. This "flutter dysmetria" can be distinguished from true saccadic dysmetria by the lack of an interval between opposing saccades and the resulting rapidity of the oscillation. Blinking also may trigger pathological flutter, and blink-induced flutter has been observed in an otherwise normal subject (Hain et al, 1986) .
Isolated flutter (i.e., without opsoclonus) is found commonly in patients with spinocerebellar degenerations (Yamamoto et al, 1988 Fisher, 1990) , and in disorders that are associated more often with opsoclonus, such as post-infectious encephalitis (Cogan, 1968; Sharpe and Fletcher, 1984 ; Hankey and Sadka, 1987) and paraneoplastic syndrome (Furman et al, 1988) .
Microsaccadic flutter refers to tiny (0.1 -0,5 deg), highfrequency (15 to 50 Hz) oscillations. They are often invisible to the unaided eye and require ophthalmoscopy for detection. Patients with microsaccadic flutter complain of dizziness or unsteadiness and visual symptoms of intermittent shimmering, jiggling or waviness of objects. Of seven patients reported with this condition (Sharpe and Fletcher, 1985; Ashe et al, 1991; Carlow. 1986) , no cause was found in five. One patient had multiple sclerosis and the other had cerebellar atrophy.
VOLUNTARY FLUTTER (VOLUNTARY NYSTAGMUS)
At least 8 percent of the normal population can voluntarily produce rapid back-to-back horizontal saccades that mimic pathological ocular flutter (Zahn, 1978; Hotson, 1984) , The characteristics of this oscillation vary widely between subjects, with frequencies of oscillation ranging between 4 and 28 Hz (mean 15 Hz), amplitudes between 1 and 20 deg (mean 5 deg) and durations between 4 and 50 sec (mean 22 sec). Convergence effort often facilitates the initiation and maintenance of voluntary flutter.
By definition, voluntary flutter is induced consciously but some patients will deny that they have control over its occurrence, in such cases, a diagnosis of voluntary flutter is supported by the presence of associated functional signs such as excessive convergence, pupillary miosis, fluttering eyelids, furrowed brow or cessation of the oscillation upon breaking fixation Otherwise, distinguishing the oscillation from true ocular flutter may depend on die absence of other neurologic findings and may require prolonged observation.
OPSOCLONUS
Also called "saccadomania" or "dancing eyes", opsoclonus comprises conjugate back-to-back saccadcs of varying amplitudes and in multiple random directions, reminiscent of the motion of quivering jelly. Opsoclonus may occur constantly or in burets. Bursts are often triggered by saccades or fixation and are intensified by startle or stimulation. Opsoclonus also may intensify under closed eyelids and often persists during sleep.
The extensive literature on opsoclonus has been reviewed and summarized by Digre (1986) , Pranzatelli (1992), and Caviness et al (1995) . The reader is referred to those publications for a complete list of citations. This review of opsoclonus will provide an abridged summary and update.
Opsoclonus is frequently accompanied by myoclonic jerks, truncal ataxia and tremulousness. Myoclonic jerks may be mild or severe and may affect muscles in the face, neck, limbs or trunk (Pranzatelli, 1992). The myoclonus is often triggered by movement and aggravated by external stimuli and anxiety. An inordinate level of anxiety or irritability may accompany opsoclonus-myoclonus, especially in children.
Adult-onset Opsoclonus
The causes of opsoclonus in adults are different from those in children. Digre (1986) tabulated 58 case reports of adult-onset opsoclonus from the literature and found that 34 (59%) were attributed to presumed or documented infection. Twenty-seven of the 34 patients were less than 40 years old. All patients had a prodrome of respiratory or gastrointestinal symptoms or fever. Analysis of cerebrospinal fluid often showed a lymphocytic pleocytosis and elevated protein. In most cases a specific infection was not identified, although several case reports have documented evidence of infection by various viruses (Pranzatelli, 1992; Bhatia et al, 1992) and rarely by other organisms. Twenty-eight (82%) of the 34 patients recovered without sequelae within 8 weeks. Treatment with corticosteroids and ACTH usually has little effect, unlike the definite response usually seen in children. Pless and Ronthali (1996) reported a patient who had dramatic improvement of opsoclonus and ataxia in response to therapy with intravenous IgG.
A paraneoplastic syndrome was the cause of opsoclonus in 11 (19%) of the 58 patients reviewed by Digre (1986) . All 11 patients were older than 40 years of age, although after Digre's review a report appeared of a 29-year-old man with thyroid carcinoma and opsoclonus (Dropcho and Payne, 1986) . Prodromal neurological symptoms, including vertigo or unsteadiness, often preceded opsoclonus by a week or more (Anderson et al, 1988; Digre, 1986 ). Neither the clinical features nor the CSF findings distinguished paraneoplastic opsoclonus from presumed parainfectious opsoclonus.
Of a total of 22 adults with paraneoplastic opsoclonus in two case series (Anderson et al, 1988 ; Caviness et al, 1995), 12 bad lung carcinoma (including 7 small-cell tumors), 3 had breast carcinoma and 4 had tumors of the ovary, fallopian tube or uterus. Ten of the 22 patients developed opsoclonus prior to the diagnosis of their neoplasms. Almost half of the patients showed spontaneous remissions or remissions and relapses (Anderson et al, 1988; Furman et al, 1988 ) and six of seven patients had partial remissions after tumor removal or chemotherapy. Treatment of opsoclonus with a variety of drugs has met with little success, although a few patients have improved with clonazepam, thiamine or baclofen (Anderson etal, 1988) . Survival was poor. Only four of 22 patients Eved beyond one year.
A variety of other disorders rarely are associated with adult-onset opsoclonus, although together they account for about 25% of cases (Digre, 1986 ). These include thalamic or pontine hemorrhages, trauma, multiple sclerosis, Lazaretal, 1983).
Childhood-onset Opsoclonus
Opsoclonus in children, like that in adults may be divided into two major categories: parainfectious opsoclonus and paraneoplastic opsoclonus related to neuroblastoma. Parainfectious opsoclonus comprised about half of all pediatric cases prior to 1980 (Boltshauscr et al, 1979) . In a more recent series, only 3 of 11 children with opsoclonus were given this label (Hammer et al, 1995) . The changing proportions probably relate to the advent of modem imaging. Children that previously would have been presumed to have parainfectious opsoclonus are now often found to have small neuroblastomas on CT or MRI (Mitchell and Snodgrass, 1990) . Thus, the currently accepted concept, garnered largely from older reports, that the natural history of childhood parainfectious opsoclonus is much the same as that associated with neuroblastoma may be incorrect. Support for this view comes from a recent series of 11 children with opsoclonus (Hammer et al, 1995) . Of eight patients in this series who had neuroblastoma, seven had subsequent delayed development with motor incoordination and speech delay. This is recognized as a common, though poorly understood, sequela of childhood opsoclonus, regardless of etiology. In the same series, however, only one of three patients without an identified neuroblastoma had developmental delay. Furthermore, in several reports where specific viral infections were identified as causing opsoclonus, the affected children recovered without sequelae (Kuban et al, 1983; Ichiba et al, 1988; McCarthy et al, 1990; Sheth et al, 1995) .
Opsoclonus occurs in 20% to 50% of children with occult neuroblastomas and is the presenting sign in 2% of all neuroblastomas. Approximately 90% of children with this association survive over the long term whereas only 55% of all children with neuroblastomas become long-term survivors (Altman and Baehner, 1976) .
In comparison to neuroblastomas in children without opsoclonus, the tumors in patients with opsoclonus more often are located outside the abdomen and show a differentiated histologic pattern, and almost always fail to show amplification of the oncogene N-myc (Cohn et al, 1988; Koh et al, 1994) . These features are known to be favourable prognostic factors. In addition, the tumors are often heavily infiltrated with inflammatory cells. The vigorous immune response has been postulated to lead to prolonged survival and by the same token cause opsoclonus by giving rise to antibodies that cross-react with CNS tissue (see below).
In support of this hypothesis is the fact that most children with this syndrome have a protracted, remitting and relapsing course. For example, of 22 patients reported on in two series of cases (Koh et al, 1994; Hammer et al, 1995) , only four were free of opsoclonus-myoclonus after one year. Symptoms often do not respond to resection of the tumor but respond rapidly to treatment with ACTH. A good response to ACTH is also typical of patients who do not have neuroblastoma. Relapses may occur during concurrent febrile illnesses or during weaning off ACTH. It is not clear ^ whether corticosteroid therapy is as effective as ACTH -x (Spieker et al, 1995a; Hammer et al, 1995 1995) . These include hyperactivity, ataxia, cognitive or \ intellectual deficits and speech or motor delay.
Pathogenesis of Opsoclonus
The localization and pathogenesis of opsoclonusmyclonus is unknown. In nine pathologically studied cases of paraneoplastic opsoclonus the most common abnormalities were a mild Purkinje cell loss and occasional perivascular lymphocytic infiltrates throughout the brain (Anderson et al, 1988) . A similar mild loss of Purkinje cells is seen in cancer patients who have no clinical evidence of neurological disease. CT or MR scans have been positive in only a few cases, showing nonspecific lesions of the vermis (Tuchman et al, 1989), cerebellar hemisphere (Willis et al, 1983) , pons (Howard et al, 1990 ) and pontomcdullary junction (Pless andRonthal, 1996) .
Several anta-neuronal antibodies have been detected in patients with opsoclonus. Anti-Ri antibodies have been found in some patients who have opsoclonus associated with breast cancer (Luque et al, 1991) but this antibody also has been found in patients without cancer (Luque et al, 1991; Dropcho et al, 1993; Casado et al, 1994) and in a cancer patient without opsoclonus (Escudero et al, 1993). Neuroblastoma and opsoclonus have been associated in one patient vrith anti-Hu antibodies (Fisher et al, 1994) and in two patients with anti-neurofilament protein antibodies (Noetzel et al, 1987) . Anti-Hu also has been detected in one patient with small-cell lung carcinoma and opsoclonus (Hersh etal, 1994) . Zee and Robinson (1979) proposed that dysfunction of omnipause neurons in the pons may lead to the generation of back-to-back saccades as observed in ocular flutter and opsoclonus. No abnormalities of pause cells were found at autopsy in two patients who had opsoclonus (Ridley et al, 1987) . Subsequently, Leigh and Zee have suggested that abnormal inputs to pause cells or burst neurons, arising from brainstem or more remote sites, may render the saccade pulse generator susceptible to oscillation (Leigh and Zee, 1991),
